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A SEMI-IN VIVO PROCEDURE FOR TESTING ANTIFUNGAL AGENTS
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AND R. C. BARD, PH.D.
Current laboratory methods do not provide an adequate guide for determina-
tion of the chemotherapeutic efficacy of antimycotic agents. Any one of a number
of different in vitro fungistatic and fungicidal tests similar to those which Reddish
(1) describes may be used to establish antifungal activity, but practically none
takes into account the limited penetrability of the stratum corneum. For this
reason, many potent antifungal agents are not clinically useful because they
fail to reach the infecting organism within the horny layer. Addition of lipids,
keratin, and plasma protein to the test medium does not correct this deficiency,
since the infecting organism may be embedded in a combination of these com-
ponents of damaged skin.
Obviously, the ideal method for measuring antifungal activity is an in vivo
test. The method used by Molinas (2), utilizing guinea pig Trichophyton menta-
grophytes infections, is one example of this type of testing. However, such results
are subject to the animal's sensitivity to the test material, and evaluation of such
data is difficult for inexperienced workers. Furthermore, clear-cut and reliable
results are both time-consuming and expensive by this method.
In the search to find a test method which would be closer to clinical circum-
stances, without resorting to animal or human subjects, the following technic
was devised.
METHODS
Material for the test is obtained by infecting guinea pigs with Triehophyton
mentagrophytes. Albino male animals weighing 400—500 grams are first clipped,
then shaved closely on both sides of the back to prepare areas measuring approxi-
mately 5 x 5 cm. The skin is moistened with water and a portion (approximately
5 x 5 mm.) of a four day Sabouraud's agar culture of a granular strain of Tricho-
phyton mentagrophytes is rubbed into the shaved area with a small spatula, with-
out excoriation. The usual infection cycle consists of the appearance of erythema
within four days and the formation of numerous scales within eight or nine days.
These scales are easily removed with a dull scalpel or razor blade. The small
particles (0.5—i mm in diameter) are collected and stored in the ice box until
used any time within a period of three months.
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INFECTED SCALES TEST
Approximately 30 scales are placed in a stainless steel tissue capsule which is
lined with * 80 mesh stainless steel wire. The capsule is immersed in a solution
of the test compound for the first of several time intervals. When the first time
period has elapsed the capsule is removed, rinsed with a suitable solvent and
finally with distilled water. The capsule is opened, the scales removed, and cul-
tured on a Sabouraud's agar plate.* The tissue capsule is returned to the test
solution until the next time interval has elapsed, and the process of rinsing and
removal of the scales sample is repeated. The agar plates containing the scales
are incubated at 30°C. for ten days, and the presence or absence of growth re-
corded.
It is essential that the solvent being used for the test compound be tested by
the same procedure to determine the fungicidal effect of the solvent and to
eliminate any effect due to the rinsing processes.
Each antifungal agent may be tested at the desired concentrations in as many
solvents as are suitable for dermatological preparations. Changes in activity due
to varying the concentrations and solvents are evident when tested in this man-
ner. Solvents which possess fungicidal activity must be avoided or consideration
of such activity must be included in the evaluation, so that a true measure of
activity of the test compound may be made.
The choice of immersion time intervals may be made to suit individual needs.
Intervals of 5, 15, 30 and 60 minutes were chosen here so that test compounds
could be compared to 5 % undecylenic acid, a commonly used agent, which kills
Trichophyton mentagrophytes in infected guinea pig scales within 5—15 minutes'
immersion time.
Infected human scales or hairs may be substituted if available and desirable.
In this laboratory, human hairs infected with Microsporum audouini and kerati-
nous scales infected with Trichophyton rubrum have been used as test materials.
The results obtained were reproducible and comparable to those obtained with
guinea pig scales. Bergman (3), on the other hand, obtained widely divergent
results with his testing procedure.
For ifiustrative purposes, a small number of the many agents tested by this
method are listed in Table 1.
In addition to the antifungal substances, various concentrations of solvents
often used in topical medicaments were tested. Polyethylene glycols and propyl-
ene glycol, in concentrations of 5—100%, do not kill the organism within one
hour's immersion time. Isopropyl and ethyl alcohols, at concentrations of 90 and
100%, kill the organism within 15—30 minutes, while 70% concentrations kill
within 5—15 minutes' immersion time. 100% amyl, butyl, decyl, and benzyl
alcohols are effective within 5—15 minutes, while 100% acetone kills the organism
within 15-30 minutes.
* To eliminate bacterial and fungal contaminants this medium is prepared with 500 units
each of potassium penicillin and streptomycin sulfate, and 0.1 mg of cycloheximide per ml.
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TABLE 1
Infected Guinea Pig Scales Test of Some Antifungal and/or Antiseptic Compounds
Compound % Conc. Solvent
Immersion Time
—
5mm. 15mm.
30
mm.
60
mm.
Undecylenic acid 5 PEG 200 + 0 0 0
6% Salicylic acid plus 12% benzoie
acid 18 PG + 0 0 0
2,2' - Dihydroxy - 5,5' - dichiorodi-
phenylmethane 5 PEG 200 + + 0 0
2,2'-Thiobis-(4,6-dichlorophenol)... 5 PEG 200 + + 0 0
Caprylic acid 5 PG + 0 0 0
Salicylic acid 5 PG + + 0 0
Cinriamic aldehyde 5 PEG 200 + + 0 0
8-Hydroxyquinoline 10 1120 + + 0 0
5-Chloro-7-iodo-8-hydroxyquinoline 5 PEG 200 + + + 0
2,2'Dihydroxy-3,5,6,3',5',6'
-hexachlorodiphenylmethane 5 PEG 200 + + + +
Salicylanilide 5 PEG 200 + + + +
Propionic acid 5 PG + + + +
2-Dimethylamino -6- (-diethy1ami-
noethoxy)-benzothiazole dihy-
drochioride 5 PEG 200 + + + +
Cresol 1 1120 + + 0 0
Formaldehyde 10 1120 + + 0 0
Benzalkonium chloride 0.1 1120 + + + +
Metacresyl acetate 100 1120 + + + +
Sorbic acid 5 PG + + + +
Copper-8-quinolinate 5 PEG 200 + + + 0
o-Phenylphenol 2 PEG 200 + + + +
Phenyl mercuric nitrate 0.2 1120 + 0 0 0
fi-Nitrostyrene 5 PEG 200 + + + 0
p-Chlorothymol 5 PG + + + +
+ = growth
0 = no growth
PEG = polyethylene glycol 200PG = propylene glycol
DISCUSSION
The method described above permits measurement of the intrinsic antimycotic
activity of a compound in a simulated clinical situation involving fungus-infected
skin. Moreover, the physical and chemical factors affecting keratin penetration,
and compound reactivity with skin components are included in the measurement,
providing some parallelism to actual clinical conditions. Experimental data, not
presented above, have revealed that whereas a large number of compounds
exhibit marked antimycotic activity in vitro, only a few of these demonstrate
activity by the method described. Such elimination of compounds which possess
only limited activity under the clinical conditions simulated by this method
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permits awarding critical attention to a fewer number of compounds before
initiating the laborious efforts of clinical evaluation. Logically, this testing pro-.
cedure is the second step in screening antifungal agents for topical use, the first
being the determination of antifungal activity by the conventional technics.
The method is relatively simple, and four or five compounds may be tested
within an hour. Two technicians are needed, the first to withdraw the capsule
from the test material while the second removes samples of scales and places them
on the culture medium. No special equipment is necessary, other than the mesh-
lined tissue capsules, and the test solutions may be prepared well in advance of
the actual test. Since Sabouraud's agar plates are used to test for survival of the
infecting organism, as many scales as desired may be cultured. The number of
fungal colonies which are present from a definite number of scales cultured serves
as a check upon the accuracy of the test itself and controls such variables as
difference in size and possibly composition of the infected material.
SUMMARY
The potential activity of antifungal agents in solution may be evaluated by
measurement of the immersion time necessary to effect kill of Trichophyton
mentagrophytes in infected epidermal scales obtained from guinea pigs.
The fungicidal effect is dependent upon the penetrating and fungicidal capac-
ities of the test material, providing, therefore, correlation with actual conditions.
Vehicles may be tested in the same manner, permitting choice of the solvent
combination in which the fungicide is most active.
Results obtained from tests of several antimycotic and/or antiseptic agents
are reported.
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